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A BEKEBRILE AR, T, &
SCIER T NTECER 7 FFKEHELA 6 FhRKED 1,
W5 F 38K 5 28, NH van Genuchten-Mualem (VG)
IR INE, B VG BERUK 1S3, i kKRR
S w1 U 11115 R 25 W [ AN e/ @ e
ISR, CLEPAR N B R K B 3EK 12
2Nk

1 MRS

1.1 i HIESmAIE

AR T R 3B HY B B 7 A 1 T VAT — B MR — 2
B 0~30 cm HUBFHE 38, HHEELKT. £44, i 2 mm
FrUEFLIF I 7, R MS2000 FUEOGRIEEA (Th/RYL,
GEED I8 TR 4 AT I e . — P R gk
1£<0.002 mm- 0.002~<0.02 mm £ 0.02~2 mm [{] 115
PLdi b ORESHO 405108 3.03%. 7.19%41 89.78%, —
R H53 R 17.25% 44.38%F1 38.37%, HR4H [ Br i Hy
=M, — e LA, = R
TEEONFE L.

T KM R A IR 2, Siie % FK R —
FBER FH 1S5 7K 38 N R KRR () 7 9245 30281, AR 4
Doerr P H [ 7K % 3B B 1] (water drop penetration
time, fwp) VERARE, W HIERI SN SEK GEKE
IBIFIE] twp<5 8D~ FIFK (5<twp<60s). TRF/K (60<twp
<600 s). ZHJFK (600<typ<3 600 s) FIH% S JxK
(twp=3 600 s) 5 NF/AKFEE . HEirIFE LR HE
] JE SR IR i, B X 2 A g AN [
R RE, PR3 B4 B R KRR EE ) 3. AT
BN, WHE—ERENFKEME (+)\BERA kD
RPN 2 kg LRERREEISS), E 3 d
S » PURE TR 7K 2 32 I R) CH 10 R 7K % P 3518,
AR IR R KA RN IR (1 kg IR INFKH)
MIFED . FRKFEE R ES] T3 1.

x 1 HREIBERKTIRME. RAKEEMLE
Table 1 Amount of repellent powder added to soils,
repellent levels and treatment

ype Treatment powder/(g~kg'l) level
L0 0 JE7K Wettable
Ll 0.2 §53 /%7K Slight
L2 0.3 §9)J%7K Slight
C?fﬁoj;m L3 0.4 3 /%7K Moderate
L4 0.5 58 J% 7K Moderate
L5 0.6 7= H#H JF7K Severe
L6 0.8 BB 77K Extreme
SO 0 37K Wettable
S1 0.06 §49)J%7K Slight
ey S2 0.08 58 J% 7K Moderate
Sand S3 0.09 8 K Severe
S4 0.115 BB R 7K Extreme
Ss 0.12 2 J¥ 7K Extreme

1.2 REFESMNEAS

KA 16 R S T . 1.33 glom’ ZEAH
FUN 100 cm® FUIRT), S ACFRIES 4 Ik B OHUERIR R
REM 4 AMFERD . TR LIRS KE, R ArEAR T E T
KRR A, REERHIET 105 CHRANT
R EEE, TIBESKERAERN 4 NETWIIE.

BRI TIRER BT CR21G IT 7Y iy S TE I VA 1 50
Bl CHSZ, HA pPllsE 38K REE 28 (fRiRR -7k
BZR), MIERALNIEIR 4 C, BRI S IBON B OFLRE
B, % SO ERE 550 900 1700 2 2004 2 800
3100+ 5300. 6900 £ 8 100 r/min, 5 H:xF 5 )P4 i a]
3914 300 45, 60+ 60, 60. 90. 90 A1 90 min, X Rif¥
W #3535 88.8+ 316.64 530.3. 859, 1053, 3018, 5216
F17 189 cm. FHIXES O AW )E, KA TR (ES-3002H
B ERE, REIEREESKE, FREERC %R
FEIKER,
1.3 TIEKSIFEZEEE

W Kt & A VG BRAY . Brooks-Corey
AL XTHOED (lognormal distribution) A8 Y A1 XY FE £L
FRJ% (dual-porosity) ARAISE , I 32T Sl ) A+ 3%
FOKERBAE, RABMAKIISE, TP L3RR K
RE. ASCREUN BN 210 VG BRI

-’
mm:{@+a+k45m h<0 D
) h=0

AR o) N EIEEFEKE, cm’lem®s 6, N IR
REKE, cm’lem’s 6, N HIBBAEFIEKE, cm’/em?;
hoRE Sk (UKD, ems a TN EESAE EIEL em'
m. n NERSE, 5B ESIAHER, m=1-1/n, a.
my n R IR R RS A S
1.4 HESH

KA Excel2007 HEATREHE, SPSS20.0 #4741
4387, Sigmplot]2.0 HH1T IR .

2 ZEREHR

2.1 RFIKIZEXLIEK S HEHER LRI

B 1 B £ AN [R) R /KRR BE 338 /K AREAE fh
. WNE 1 aTUEE, ST RKFHELMEP L, EAE
FFAKRREESAE N, BEEW 38, HIEE KRR, X5
Bauters 25*2fil Czachor® W 78 (AR fb #a 34 —#E, (H2
Bauters [ 3580 72 e 1, 1 HIHRA7AER /N (<20 cm) o
ME 1T PUE BRI ) (s<<1 000 cm) B, #AbEE -
KR AR 2%, ULRRLE LR Jg3a B Py, B PR 738,
T E KRR, AR T B Al i KL
HEATHEK, BRI IR, I K34 2k A2 B
BEAS; BT (s>1 000 cm) B, A ARFR F-K
M2k 2 BEEIR, UiRHUbR RIS KR T FEE RS, X
FEBNTE S AIM B, BEEW I8, Rk 18 A
INEIFLBRBE PR B K 43, AR IR R 1RO, RIX —
B B 1 3 S K ZR B R 1 3G e B2 Ak . [ ANEL 1
WA CUE W, F—W %M, FKFHIELSKEL
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FrKRe A, T H R KRS i =K 2R A R AR B L
JFKFE R LK ZRBEE, RSB B b ek BhiiE +
1) - P 5% o X2 PRy e 7K 80 8 4 A 1 3R R o
B (17.25%) WF/K LS (3.03%), 3R
TEML, G TIEPANLUREE, FKEE LM
FLAR I A e KRS T AR ¥ 51, R BE 5 W) 7738,
FIKR BB, T ROk RS, mTHE
MR EREL, HEPHRILBIERES, FAR )y
KRR, XKL K B e, i
A DREPIKAE, Fk, JFRR - K fi 2R 7R
T B2, TEmR I BB E .

ME 1a FTLUE H, BEERIE - FKRR S D, -+
K ZR B i e RS, BITEAHRIR G DL R, SR KFERE
K, TIEEUKEREN, KRR N FOKREE S, T
XK B HE R MRS, IR BRAEAR R i), R /KRR BE R
) EIEBKAXE Z, SARRWEEA N, WE 1b 7T LLE
i, BEE RS T FRKFERER I, K i AR IR B,
BRI e i, ESR TR EL, H /K 238 (A KB
o UL KRR BETEAR IR 70 BoxS R /K 48 AN 11
AR LLEOR, TE R IIBT B, FKFEEEXT g 5
W B 5, S R KD SN K IR RO R KD )/
FLBRAEH >, fERW IR B, R KRS L B /NFLER A AT i
KR LR D, IR KRR H AN i 2,
mixtFaE L, AR Z /N LER, R KRERE NS

AL

£ 8000 [ o L0
= * ave oLl
g vl2
2 6000} a3
= * oe oL5
g e L6
Q

‘24000-

R ¢ omve
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2 % 2mr]e
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AR E /K Soil moisture/(cm*cm)
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A1 JFRARE R R 69 23 69 K 4 A vy 2%

Fig.1 Soil water characteristic curves of different repellent levels

2.2 FRIRKEETIEL-7KBNLZ V6 HEBIASH
RETC % 4 P fy 3% [® #h 2% 0 (US  Salinity

Laboratory) J¥ A&, B KFANE 38K 40 RRAE th 2 A 7R 4L

A SRS H G, AR A R K R, AR SR A

VG R, JEMATS KR KA Mualem B2 (m=1-1/n),
WEZAFR VG B SH WL 2.
F2 ARIRFKEELEKSIHERZ VG REESH

Table 2  Soil moisture characteristic curve parameters of VG
model for soils with different repellent levels

+i% BRARGKE MG KR R EE TR

R A¥H Residual soil Saturated soil ~ Reciprocal R
Soil ~ Treatment moisture/  moisture/ of air entry Shape
type (em*em™)  (em’em™)  value a/em” parameter n
Lo 0.069a 0.505a 0.005a 1.315a
L1 0.068b 0.505a 0.007b 1.304b
LS T 5 0.066¢ 0496a  0.0l4c 1.251c
et L3 0.064d 0.496a 1.969d 1.112d
Repellent
clayloam L4 0.063¢ 0.500a  6.565¢ 1.103¢
LS 0.063e 0.501a 92.820f 1.087f
L6 0.060f 0.501a 5283.000g 1.070g
S0 0.043a 0.500a 0.00540a 3336a
B s1 0.043a 0.500a 0.006 24b 3.175b
JRKIbd S2 0.043a 0.499a 0.009 18c 2.677c
Repellent
ol S3 0043 05022 0009494 2.790d
S4 0.040b 0.501a 0.009 56e 3.826e
S5 0.037¢c 0.500a 0.009 72f 3.812f

E: FSIAFRNG FREEORZR R (P<0.05).
Note: Values followed by different letters are significantly different (P<0.05).

M 2 WA, X RREEL, BB RS
IR ZES R, WEEEFKRRERIN, A& KRR
NS, TR KIS LK RFIE M FHO 0 B
FIEEKER, WM KRR N, KRR
2 ) S HOZ TN s MRS KR AL TR I 0 I
TIREKE, BB EKREE E R, ZUAYE,
R AL B E A R, TR AR, T
BT R RR A, A EKE R SRS o
EERTE, FELN o EREHE R I RoE R
s FAEFSE n (HEREE, o BRI
W, XF R R RS (R, AR,
5 E la FELES

R MR 2 AT AR, X Fokid+, Ab# S0~
S3 AR EKFBEA 2R, MWREZFKKILE S4. S5
5 S0~83 Z A ZER B, FRAR T KA WS KR
SROKFELN—F, BAEZER, BRRBHR. S
S o HERRE, o HEEE TR MmEm, 2
AL ER TR BN B SH n HER R,
AR IR B e KRR R S /N PR
2.3 RKREEXTEHESENZMD

HESAE Cair entry value, s,) s&482 SN LA
T 51 - RURE CRURE R A5 1A 0 FL RIS X 182 i o W 74
Ol R LKA RLZ F M EESH . VG A
SR o ML HE B REIEL 3R KR AT
PAH /KGRI I (R ) SRR, 70 Wit B (% s.=1/a)
HXH RS R ARREEE M OC R ILIE 2. B 2 W LA R
IKFEFESE N, LI E R B, R /AT & 4t
B, R

log(s,)=b-R, +c (2)
A s, HESME, ems RONFFKFININE, gkg: b ¢
NERSH.
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E

o |8 {H Calculated value
— &4 Fitted value

N

(=]

|
N

L logs,=—8.32R+3.25 d
R*=0.92 P=0.0007

HESAE IR
Logarithm of air entry value/cm
N

|
(=)}

0.2 0.4 0.6 0.8 1.0

0
SRk R
Amount of water repellent powder R./(g'kg™)

a JFAKREL

a. Repellent clay loam

g
=N

N
~

BESAE TR

Logarithm of air entry value/cm
N
[

g
o

| logs,=—2.22R+2.25
R=093 P=0.002

1.8

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14
¥ Sk 5y
Amount of water repellent powder R./(g'kg™)

b. Fkwbt
b. Repellent sand

B2 REIBEFAREELEAALG X R
Fig.2 Relationship between repellent level and air
entry value for different soils

M 2 ATCUE H F Rk B3 LA R KR i S
TEXIEL (ogs,) 5 F/AKFIRIE (R AKX RMEE
IR, RPAM514 0.92 #1093 (P<0.01). iXJ2& KN FRKEE
FEl R, IS A OHE R RO, B 33 K R Bt
JIER/N, AR R KFE B A 0 R RETE BN ) 264
PG I HAGE KK . X5 Lamparter® 5 7075 H fRD +
HEASE B e KR FE B N s/ B R 3502 —RE Y, (EAh
R T 3 R R EREERES FRAKEERIER,
REEE A S R AKIEE N E &5 AR 5 Bauters 25122
B SR E LA I, JE DR T B A2 Ath 1 330 /K AR 77 2
TR, MERTEE AR N (R E N T 20 em, #EK1H
MNFdem), TEWNRITT, For-AENERE, RN
NI IR 3 R0 - e SR D, S22 SR HT
2.4 RIKIBEXTIBEKSBEHHWEIN

ETHEEHOK M RE &S5, THE HEEK
R BEBRE. EIK. BROK. BEROK. ERBOK K
SR FKELB . B R REK AR A 0.2x10° Pa B 7K
R, JAERBREW I N 15%10° Pa I IE K Z, &K
MRS KR SHIMF KRN ZE, ARUKZEHERKRS
FERB £, H5ARUKREHERIKRSBERRFFK
B (XNMHEEKER 65%) 22, 5HHKEE RS
SRR EEAEKRNIE. WK 3 iTLE B TR
KRR ROKIS T+, RS ROKFEBES N, HREKER
W, UL T RK LA, B ROKRREE RN, iR
EEBEHEKENGNMERK. SAH 2 0 E R E
FEARK (0.172~0.200+ 0.037~0.044 cm’/em®), 3B K
FEEEXT IR ZE REBGEHA K. WK 3 @&l LLGEH,
ST KBRS+, KBS R KRR R
TGN, KOS MRS KRR T R R,

ZARIVKDARENTBYE I ITE, fEEIER T RIE
FEBEILETE, W RKIEERIEm, BT E'E 7,
A3 HIR A F KGN AR 3 AT BUE H, X T
JRRFIR KW L, HROKM 5 H BOKBEE oK RE
PR sy, DRI 5 R FH K B A8 it 2 e KR P
/N 25 E, KRR A3 N G S E R K E . 5 F)
FHZK B BEAR, A5 51 W mT MR SRR T R K 2 b, AN
MTREMER, BaIECREYHE, BHRZR
R IE G T IR R KRR LRGN
*3 TRERKEETILRKSERE

Table 3  Soil moisture parameters under different repellent levels

. , N SR
- a1 Vs _ N SR
A WEOEE gk ok AR
pp ok REC Gty Effecive P Ratioof
“ Treat  Field Wilt ty available R0
Soil - ent capacity/  coefficient/ wgater/ 3 v&gater/ 3, Wwater/ casily
type (cm>-om?) (o -om ) (em’™cm™) (em’™om ™) (cm’em™) available

water/%

L0 0437 0.180 0068 0257 0153 303

Ll 0415 0.172 0090 0243 0145 288
FE 12 0382 0.178 0114 0204 0134 270
L3 0285 0200 0211 0085 0100  20.1
L4 0272 0197 0228 0075 0095 19.0
L5 0249 0.191 0252 0058 0087 174
L6 0227 0.183 0274 0044 0079 159
SO 0299 0043 0201 0255 0105 209
sI 0257 0043 0242 0214 009 180
Wt S2 0190 0044 0308  0.147 0067 134
Sand S3  0.175 0043 0327 0132 0061 122

sS4 0.109 0040 0392 0070 0038 7.6

S5 0.104 0037 0396 0068 0037 73

2.5 RIKIEEXTIEFLR SRS

MRYERIAT B 1 LK RRAE 2R, T R KRS
BAMFKD RS BILRSMAILE, S5 A7 E
W, 2% E R BPY, LR S R A S
FARAFLER (<0.3 ) FFLER (0.3~<5 zm) /NLER (5~
<30 ) FEEFLER (30~<75 um) - KALK (75~<100 zm)-
IR (=100 1m) 6 NFLEE, B LLE R I RKFE
FEXT LB A B, ROKER AR E 0 B s
THeE R 3.

ME 3a iTLEH, W RKEE L, KRN T
WAL BR AN B, 2 5 S FLBR AR R EL B S 7E 30% /2
s JFREHIE R FLBR AN FLER o A LR AR AR b A5 Bl
FFRKFEFE 3G oo B/, A S FLBR A 55 R K AL L
L2 K, BRF/K. TPEFRKS SRR AE R KA B Z
B S ACERRRILBM ZEA R, AR T 2%; HE
3a WUBHEAEH, H3BEEEE F KRR R 3N SR 34
hn, AR RKALEE L6 5 Eik 57%, TMSE/KAEE Lo HE
2%, 9F/KACER L1 A1 L2 B3I S Et /N T 6%,
JFKACEE L3 F0 L4 T30 5 TUTE 37% /A4, T H F
KALER LS (19325 B 5 ELTE 50% 74247 WE 3b i LR
W, 6T RKI L, B AR B W FLBR AR, AL
BRI PR B T W SRR IR S5 IRT 1% 4, gt
HRAAFLIR &5 LU TE 5% 47, T HZERA K SR/KAREE SO
FI/NFLBR (85%) W m T ILAhAREE, 587K, M8 JRK
FRR B K BI/NLBR S EE ZE AN K, JI7E 60% 445 M
Kl 3b i T AR A B, LB o LRl e KRR RE 38
TN, HA AR ROKALER S5 [ S FLER (5 Lhik

Clay
loam
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40%, TRAKALER SO B REESLER & EAUH 7%; &AbEE
RSB AN 338 25 B 7 EL I LR N, #B/N T 2%, X SEHT
DU, FKFREE RN T FIEREKEE . X
A5 Lamparter™ iF 78 (RS 4= i FLBR 23 A 73 A Fe A —FE,
{EAR S 2 FLBR AR 1 R, ARefS AR S &1L
BRI & & o

60
— L0
—=Ll
50 wzzn 1.2
Ma
(=]
40 = L5
=~ L6

i SFLBR AR Kl
Proportion in total pores/%
s 3

—_
(=]

(=]

<03 035 530 30~<75 75-<100 =100
M FLBR Equivalent pore diameter/um

a. KB+
a. Repellent clay loam

60
—S0
50 = S1
r S2
=xx1 83
40 = 4
=185

o AL BB L
Proportion in total pores/%
g 8

—
(=}
T

<03 03~<5 5<30 30~<75 75~<100 =100
MEFLEE Equivalent pore diameter/um
b. FAKEP L
b. Repellent sand

B3 RE EHF KRR S FILE S 6B
Fig.3 Effect of repellency level on equivalent pore
diameters for different soils

3 & 1

D) FEE KRG, M FER IO, %L
bR R AR, LIRS KRN Wb K
AR AR B, W 22 4ERS . fEm BB, Ht-
K2R AL AN KB

2) X ROKEEL, BEE KRR, HordK
HPRAN s T ROKIE L, R E FOK LT SRR AR B K
HEATET WL FIREIRAR KRBT Hoph 77K
. BEA FKREEE RN, 3Bk e o, 2t
AUBSECS KGRI R A 3 R PEAR 5 (P<0.01),
MR RB = (RP=0.92); B /KRN, JFFKE
AR LR KR, HEARBA R ER, &
JIKEEI, ARBOKRGATROKIAN, - SR 7K E ] s .

3) XTSRRI, FAKRREE TSR AR AL
B AL, RTINS A e KR 1
ST, ISR e KR RE (R S R4
TR L, S A BB LB A (e, FKEE
XL RSFLBAN 3 s B AN K, 2K AR ER [ /)
FLERE B R s T HAMAL R, 9B F K. R E SRR AR EE
FRKINLBRZE AN K, A LI o LU Rl R /KR EE 1
BN .

LR PR, KR R I N S 25 A R KR 5 A
FIKLEBIREAR . R RO FLBR I I, Rb L /LB B

N, AR AT RSO A KK o0 g b - AR AR AR
YIRS, B G R oK R RGN -

(1]
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Impact of repellent levels on drainage soil water characteristic curve

Chen Junying', Liu Chang', Zhang Lin**, Xiang Youzhen', Leionid Gillerman?, Chai Hongyang'
(1. College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural Soil and Water Engineering in Arid and
Semiarid Areas, Ministry of Education, Northwest A&F University, Yangling 712100, China;
2. Institute of Water and Soil Conservation, Northwest A&F University, Yangling 712100, China;
3. J. Blaustein Institutes for Desert Research, Ben-Gurion University of the Negev, SedeBoker 84990, Israel)

Abstract: Water repellency is a widespread phenomenon in soils. Almost every soil shows water repellency to some degree. It
may reduce the infiltration in soil and is easy to form finger flow. Therefore, the soil holding capacity of moisture and the yield
of crops are reduced. It’s very important to study the soil water characteristic curve in repellency soils. In this study, we aimed
to explore the impact of repellent levels on soil hydraulic characteristics, clay loam of 7 repellent levels (treatment LO to L6)
and sand of 6 repellent levels (treatment SO to S5) made by adding octadecyl primary amine collected from Yangling, Shaanxi.
The experiment was conducted in the Key Laboratory of Agricultural Soil and Water Engineering, Ministry of Education, at
Northwest A&F University in August 2016. Each of the 13 treatments had 4 replicates. Soils were mixed with octadecyl
primary amine which varied from 0 as control and 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 g/kg respectively for clay loam and 0.06, 0.08,
0.09, 0.115, 0.12 g/kg respectively for sand. The repellency level of treatment LO and SO was wettable, L1, L2 and S1 was
slight repellent, L3, L4 and S2 were moderate, L5 and S3 were severe, and L6, S4 and S5 were extreme. The soil moisture
characteristic curves were measured with a high speed centrifuge. The van Genuchten (VG) model was fitted to obtain the
hydraulic parameters with RETC software. The results showed that under the same suction, the soil moisture of repellent clay
loam was higher than that of repellent sand and the soil moisture decreased with the increase of repellent levels. The residual
moisture and the shape parameter decreased and the reciprocal of air entry value increased rapidly with increasing the repellent
levels for repellent clay loam. There was no difference in residual moisture of treatment of SO to S3 for sand, but the residual
moisture of treatment S4 and S5 was lower than the other treatments for repellent sand. The reciprocal of air entry value
increased with increasing the repellent levels for repellent sand. The air entry value decreased with increasing the repellent
levels for both repellent clay loam and sand. There was a significant negative linear correlation between logarithm of air entry
value and the amount of octadecyl primary amine, and the determination coefficient was 0.92 and 0.93 for repellent clay loam
and sand, respectively. There was no difference in wilting coefficient between the treatments for repellent clay loam and sand
respectively. The field capacity, effective water and easily available water decreased with the increase of the repellent levels
for both repellent clay loam and sand. Meanwhile, the gravity water showed a decreasing trend. The results also showed that
there was no difference in the proportion of micropore and macropore while the micro-porosity and porosity decreased with
the increase of water repellency, with increasing the repellent levels for repellent clay loam. The soil voids increased sharply
with the increase of repellent level for repellent clay loam. The micropore did not exist in repellent sand. There was no
difference in the proportion of micropores, macropores and soil voids with the repellent level for repellent sand. The
proportion of small pore of SO was significantly higher than the other treatments but there’s no difference between S1 to S5.
The proportion of medium porosity increased obviously with the increase of repellent levels for sand. Therefore with the
repellency increase, field capacity, easily available water and micropore of sand decreased, and soil porosity of clay loam
increased. It led the water that crop can absorb reduced. Repellency was unconducive to crops growth. We should try to avoid
the increase in soil water repellency level. This study can provide valuable information for the infiltration, evaporation and
numerical simulation of repellent soil.
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